Ti-i study of diabetes insipidus has been greatly impeded by the controversy which has persisted, at least until recently, concerning the identity of the cells responsible for the elaboration of the posterior pituitary principles. It is the purpose of this paper briefly to review the evidence which points to the secretion of these substances by neurones, and to consider the implications of this theory in the study of the pathogenesis of diabetes insipidus. Newer cytochemical techniques are proving of great value in the investigation of these problems.
THE IDENTITY OF THE CELLS SECRETING THE POSTERIOR PITUITARY PRINCIPLES
The secretion of the posterior pituitary principles has been attributed at various times to the interstitial cells of the neurohypophysis, to its nerve-fibres and to its epithelial sheath. In recent years the secretory role of the latter ( Fig. 1) The main innervation of this region is derived from the supraoptic (N.S.) and paraventricular (N.P.) nuclei, which lie in the hypothalamus.
pharmacological investigations in species which lack a pars intermedia (Geiling and Oldham, 1937) make it unlikely that this is the source of the vasopressor-antidiuretic principle; again, pars tuberalis, which partially ensheathes the infundibular stem (the pituitary stalk) has rarely been attributed with this role (Trendelenburg, 1928; Biggart, 1936) . Consequently, if any single structure is the source of the antidiuretic principle, it is probably represented either by the nerves or by the interstitial cells of the neurohypophysis. Direct evidence from tissue cultures is inconclusive (Hild, 1954) . The evidence is therefore indirect, and centres on the identification of specific secretory structures in the regions from which posterior pituitary principles can be recovered. As many as five categories of interstitial cell can be distinguished with the silver carbonate technique originally recommended by Bucy (1930) , namely adeno-, fibro-, reticulo-, and micro-pituicytes (Romeis, 1940) , and microglial cells (Vazquez-Lopez, 1942) . It is nevertheless held that "pituicytes" thus demonstrated are confined to the neurohypophysis (Weaver and Bucy, 1940) , that is, the infundibular process (pars nervosa), infundibular stem (pituitary stalk) and median eminence (the tuber cinereum). It follows that pituicytes cannot be the immediate source of those substances with posterior pituitary activity which have been recovered from the supraoptic and paraventricular nuclear regions of the hypothalamus (Hild and Zetler, 1953) .
These nuclear regions contain the cell-bodies of the neurones which innervate the neurohypophysis, cells to which Scharrer and Scharrer (see review, 1940) , had long attributed an endocrine function. The clue to this function was provided by Gaupp (1944) , but it is to Bargmann and his school (see review, 1954) , that the definitive work in this field must be Proceedings of the Royal Society of Medicine 2 attributed. It was shown that a deeply staining chrome-alum hwematoxyphil (CAH) "neurosecretory" material both filled the infundibular process of the pituitary and extended down into it along the tractus hypophyseus from the supraoptic and paraventricular nuclei. This material was depleted from the pituitary by osmotic stress; it accumulated above lesions in the pituitary stalk; and throughout its distribution substances with posterior pituitary activity could be recovered. It was therefore suggested that hormone and "neurosecretory" colloid were formed in the nuclear regions, passed down the tractus hypophyseus, and were stored and released from the posterior pituitary (Bargmann, 1951; Hild and Zetler, 1951; Bargmann and Scharrer, 1951) .
This colloid presented an interesting histochemical problem; for the selectivity with which it could be stained suggested the presence of some substance peculiar to the region, or at least present there in higher concentration than in the neighbouring brain. Schiebler (1951, 1952) supposed that it represented a glyco-lipo-protein bearer-substance for posterior pituitary principle, insisting that the colloid, unlike the active principle, was removed from the unfixed pituitary by lipid-solvents. Like Gersh (see Wingstrand, 1953) who had earlier claimed that the Herring bodies of the posterior pituitary were histological artefacts, Schiebler attempted to demonstrate colloid in tissues which had not at any stage of their processing been exposed to formalin. If, however, the pituitary, after lipid-extraction, is fixed in formalin, then colloid can readily be demonstrated. Further, throughout the distribution of Bargmann's CAH "neurosecretory" material there is a substance which reacts far more strongly than the adjacent brain with histochemical techniques for protein-bound cystine (Sloper, 1954 (Sloper, , 1955 , an amino acid also identified in this region by Barrnett (1954) . On histochemical grounds, therefore, it seems likely that there is a protein constituent of "neurosecretory" material, which is present both in hypothalamus and pituitary, and which is rich in cystine. This substance could well represent posterior pituitary principle, particularly if the latter is present in the tissues as a complex of Van Dyke protein and Du Vigneaud's octapeptides (Acher, 1958) , since both contain a high proportion of cystine.
In the median eminence and infundibular stem, there is very little "neurosecretory" material and few fibres pass close to capillaries. The opposite is the case in the infundibular process, where the terminal arborizations of the nerves of the tractus hypophyseus ramify in interwoven lobules, ending on the walls of capillaries. The architecture of these lobules has been clarified by Palay (1955 Palay ( , 1957 , whose observations amplify those of Romeis (1940) , Vazquez-Lopez (1942) , and Bodian (1951) . From the study of electron-photomicrographs he concluded that "neurosecretory" material is enclosed within nerve fibres and their terminal expansions. These expansions, interdigitating with the processes of pituicytes, which he regards as supportive, end adjacent to capillaries. "Neurosecretory" material he identified with certain vesicles (the granules of Green and Van Breemen, 1955) . These are peculiar to the region, and like antidiuretic principle and cystine-rich "neurosecretory" material, are depleted by osmotic stress. The reactivity of the contents of Palay's vesicles with osmium tetroxide does not preclude their protein nature (Bahr, 1954) , and it would be of interest to attempt to demonstrate them in electron-photomicrographs with reagents capable of demonstrating the sulphydryl groups of reduced cystine (Bahr and Moberger, 1954) .
To summarize, we have to consider some three categories of particle. First, there is the Van Dyke protein, to which, in the tissues, Du Vigneaud's octapeptides may be attached (Acher, 1958) . This protein has a molecular weight of 30,000 and probably a diameter of between 0-001 and 0-01 ,. Second, there is Palay's vesicle, which is about 0.1 , in diameter and appears in electron-photomicrographs to contain dense, perhaps particulate, inclusions. Third, we have the cystine-rich granule, some 2 IL in diameter, which is visible with the light microscope. It is possible that protein, particulate inclusion, and granule all represent posterior pituitary principle. It is suggested that the synthesis, transport, storage and release of these particles is the property of the cytoplasm and axoplasm of "neurosecretory" cells (Fig. 2 ). An obvious compromise between the concepts of central (Bargmann) and peripheral (Bodian) synthesis is to suppose that the entire axoplasm is capable of synthesis, but that transference of posterior pituitary principle into the blood-stream is normally confined to the infundibular process, and perhaps also to the infundibular stem and median eminence. z \*n-PATHOLOGICAL CONSIDERATIOH*9
Necropsies on cases of diabetes insipidus are infrequent adid there has been little -pportunity to study in such cases the distribution of "neurosecretory"' material. The dis*ribution of the latter should, in pathological tissues, be investigated by histochemical techniques rather than by the chrome-hamatoxylin and aldehyde-fuchsin methods originally introduced for this purpose. Of these techniques, the most convenient depends upon acid-oxidation followed by the use of a basic dye at a very low pH (Adams and Sloper, 1956 ). This technique allows the differentiation of cystine-rich "neurosecretory" material from those neuronal inclusions which lack such cystine-rich material, but which are nevertheless stained by the chrome-hwematoxylin and -aldehyde-fuchsin methods. The -latter, by reason Staemmler, 1932; Blotner, 1950; Orthner, 1955; Rodeck, 1955) . Pathological information is scanty, and it is not surprising that the proportion of cases included in this idiopathic category has varied greatly. Blotner (1937) provided incomplete pathological data on two such cases, while Gaupp (1941) described in detail the changes in a woman who suffered from the familial form of the disease. Some familial cases are resistant to Pitressin (Forssmann, 1945) and have been termed "nephrogenic"; in such cases the nature of the renal lesion is obscure (Kirman et al., 1956) Orthner, 1955) . Again, I have found no description of the pathological changes which occur in cases where the disease has been attributed to psychogenic disturbance, and only one description (Henzi, 1952) of these changes in a case where the condition was due to head injury.
Of these various forms of the disease some examples of symptomatic diabetes insipidus, in which there were destructive lesions interrupting the tractus hypophyseus, have already been investigated with techniques for the demonstration of "neurosecretory" material (Weicksel and Cain, 1952; Drager and Russell, 1954; Rothballer and Dugger, 1955) . In every case, a marked diminution of the number of "neurosecretory" cells was observed. The more interesting cases, however, are likely to be those in which little or no damage to the hypothalamo-hypophyseal system has been reported. In such cases, it is possible that the essential lesion lies outside the system, involving for example the paraventricular nuclei of the thalamus, the integrity of which is essential in the dog for the function of the osmoreceptors (Jewell and Verney, 1957) . Alternatively, it is possible that the study of the distribution of "neurosecretory" material may reveal cases in which there is a defect in the formation, transport, storage, or release of this material. Some such dysfunction may indeed account for the apparent absence of damage to the nuclear regions in a case of diabetes insipidus recently described by Dingman et al. (1957) .
THE PATHOGENESIS OF THE DISEASE
The fundamental problem is the reaction of the "neurosecretory" cell to injury. Despite the early and detailed experimental investigations in this field (e.g. Kary, 1924; Mogilnitzky, 1928 ) the information which has been obtained with conventional histological techniques is limited. The major difficulty is the pseudopathological appearance of the normal "neurosecretory" cell. Not one of such features as gross cytoplasmic vacuolation, the segregation of Nissl substance and nucleus to the periphery of the cell-body, or the loss of Nissl substance, is evidence of irreversible damage (see Bargmann, 1954) . Moreover, as Tello (1912) stressed, the nerve fibres in the pituitary normally exhibit features indicative elsewhere in the nervous system of regeneration and degeneration, features which in terms of the "neurosecretory" hypothesis merely indicate the distortion of nerve terminals by "neurosecretory" material.
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Unequivocal evidence of degeneration, that is degeneration characterized by cytolysis, karyorrhexis and karyolysis, does not, in fact, appear in the human until between seventeen and forty-two days after injury to the pituitary stalk. To investigate the susceptibility of the "neurosecretory" cell to various forms of injury it would clearly be advantageous to have histological criteria indicative of irreversible damage at an earlier stage. A change which can be interpreted in this way is the retrograde accumulation of "neurosecretory" material in the axone and the cell-body of many "neurosecretory" cells following, for example, hypophysectomy in the rat (Stutinsky, 1951) . In a human, where death had occurred ten days after hypophysectomy for the relief of malignant disease, such changes were very marked (Sloper and Adams, 1956) , and it seems that at least a proportion of the neurones thus affected were undergoing irreversible degeneration. This interpretation must nevertheless be made with caution, for conspicuous aggregations of "neurosecretory" material have been observed in the intrahypothalamic portion of the tractus hypophyseus in the overhydrated dog (Andersson and Jewell, 1957) . In such animals the accumulation could be a reversible change, indicative of a transient disturbance of the axonal transport of the "neurosecretory" material.
Early pathological changes in "neurosecretory" cells can be further investigated in two ways, the first involving the study of those enzymes which are conspicuous in the cytoplasm of the neurones of the supraoptic and paraventricular nuclei. These include acid phosphatase and various esterases (Eranko, 1951; Gomori and Chessick, 1953; Sloper, 1955) .
Their function is unknown, but it has been shown that certain esterases are markedly affected by osmotic stress (Pepler and Pearse, 1957) . A property of the "neurosecretory" cell which is easier to measure is its uptake of the isotope sulphur 35, injected intracisternally in the form of labelled cysteine (Arnott and Sloper, 1958) . Sulphur 35 accumulates first in the nuclear region, and later in the infundibular process. We are hoping to use this property of the hypothalamo-hypophyseal system as a means of studying its susceptibility to injury, and in particular to injury by ionizing radiations (Arnold, 1955) .
A second problem under investigation is the late effect of injury on the "neurosecretory" cell. Shortly after section of the pituitary stalk there is a local accumulation of CAH material, which, like that in the nerve fibres, is rich in cystine. This phenomenon has been observed in many species including man. In the rat the accumulation appears either to persist or to reform, and a month after the injury the median eminence, now full of "neurosecretory" material, resembles the normal posterior pituitary (Stutinsky, 1951) . The histochemical properties of these persistent accumulations have yet to be investigated. Such accumulations are not depleted by osmotic stress quite as readily as the "neurosecretory" material stored in the normal infundibular process (Billenstien and Leveque, 1955) . Their development can be explained in two ways. Fibres normally ending in the median eminence may take over the function of fibres destroyed by section of the pituitary stalk. Alternatively, injured fibres may be capable of regeneration, and of making contact with vessels in the median eminence. These alternatives have also to be considered in the interpretation of the changes which occur in the human median eminence following surgical injury (Sloper and Adams, 1956 ). In particular, the possibility of neuronal regeneration should not be dismissed (Tello, 1912; Bodian and Maren, 1951; Diepen et al., 1954) despite the fact that regeneration is held not to occur in the central nervous system. If substantiated it would explain a phenomenon stressed by many workers (see Porter and Miller, 1948) , namely the spontaneous recovery of many cases of traumatic diabetes insipidus. CONCLUSION An account has been given of recent investigations into the pathogenesis of diabetes insipidus. These have been based on the hypothesis-still disputed, although no attempt has been made here to discuss its more controversial aspects-that antidiuretic hormone is formed not by "pituicytes" but by certain secretory neurones of the hypothalamoneurohypophyseal system. It follows from this hypothesis that the essential abnormality in diabetes insipidus is the destruction or dysfunction of these neurones, and it is with their reaction to stress and to injury that we have been concerned. An outline has been given of the application of certain newer histochemical techniques to their investigation both in the experimental animal and in human material. Since few cases of diabetes insipidus come to necropsy, and since our understanding of its patholgy is still incomplete, it would be of the greatest value if material from such cases could be investigated by the techniques now available.
